ABSTRACT Stable ßy, Stomoxys calcitrans (L.) (Diptera: Muscidae), once only a pest of pastured cattle, has become a serious pest of range cattle in the United States. Because of the difÞculties associated with stable ßy management under range conditions, a pesticide-impregnated cloth target is being developed as a management tool. We conducted studies to determine the inßuence of weather, time, fabric type, insecticide type, and insecticide concentration on the mortality of stable ßies from a susceptible laboratory colony exposed for 30 s to treated cloth targets. We found that 100% of the ßies exposed to trigger (Trigger-Royal Box, 65% polyester and 35% cotton) fabric targets that were treated with 0.1% -cyhalothrin or 0.1% -cypermethrin and weathered outdoors in Gainesville, FL., for up to 3 mo, were dead within 20 min after a 30-s exposure. The results of this study support the concept that treated targets can be developed for integration into stable ßy control programs.
The stable ßy, Stomoxys calcitrans (L.) (Diptera: Muscidae), is a major pest of livestock in many countries, including the United States (Kunz et al. 1991, Hogsette and . Adults are persistent in their attempts to obtain a bloodmeal and populations frequently exceed the accepted economic damage thresholds (Campbell et al. 1987) . Stable ßies also are considered to be mechanical vectors of many livestock disease agents worldwide (Foil 1989, Hogsette and .
Stable ßies develop around and feed on livestock conÞned in feedlots, small pastures, or paddocks where larval habitats are numerous (Broce et al. 2005) . Before the 1980s, livestock in large rangeland pastures typical of the western United States were seemingly exempt from predation by stable ßies (Hogsette 1999) . In the 1980s, many producers who fed hay to pastured livestock switched from the traditional small square hay bales to the large, round hay bales. Since that time, the stable ßy has emerged as a major problem for pastured cattle in the United States (Campbell et al. 2001 , Broce et al. 2005 . The increase in adult populations seems to be a result of the presence of larval habitats produced by rolled hay residues that have been mixed with manure and urine and trampled by the animals as they feed (Hogsette et al. 1987) . Immature stable ßy populations of 28,000 per m 2 have been found in these habitats (Patterson and Morgan 1986) .
Currently, there are no effective control measures available for stable ßy larvae or adults in pastured livestock situations Hogsette, 1994, Broce et al. 2005) . Application of insecticides to pastured livestock is not practical because residual activity is short lived and stable ßies spend the majority of their adult lives off the host . Toxicant devices made from Þberglass stable ßy traps (Williams 1973 ) treated directly (Meifert et al. 1978) or indirectly (Hogsette and Ruff 1996) with pesticides were developed for stable ßy management, but these devices have never been widely used.
Targets made from inexpensive blue and black cotton fabric panels were found to be highly attractive to testse ßies (Glossina spp.) in Africa (Vale 1993) . Selected fabrics impregnated with deltamethrin were shown to kill tsetse ßies in the Þeld for Ͼ4 mo (Torr et al. 1992) . Stable ßies also are attracted to blue/black fabric combinations (Mihok et al. 1995 , Mihok 2002 , Foil and Hogsette 2004 . Furthermore, stable ßies have been shown to land preferentially on blue/black fabric targets and remain on the targets for at least 30 s (Foil and Younger 2006) .
The purpose of this study was to determine the effects of weather, time, and fabric types on the residual activities of selected formulations and concentrations of insecticides that might be used to treat cloth targets for stable ßy control. We chose a 90-d weathering period because this is the approximate length of the stable ßy season in many parts of the United States; and a 30-s exposure period based on the Þeldwork of Foil and Younger (2006) . 15 October 2003, returned to the laboratory and subjected to the stable ßy bioassay. Samples were placed between sheets of waxed paper during transport to prevent contamination. Cumulative rainfall and minimum/maximum temperature were recorded during the 3-mo weathering periods.
Test Insects. Adult male and female stable ßies (3Ð5 d old) from the USDA Gainesville colony were used for all tests; basic rearing techniques were similar to those described by Hogsette (1992) . Adults were maintained in colony cages (46 by 38 by 38 cm in height), held under standard laboratory conditions (26 Ϯ 2ЊC, 60 Ϯ 5% RH, and a photoperiod of 12:12 [L:D] h), and given ad libitum access to citrated bovine blood.
Stable Fly Bioassay. To allow introduction of ßies, 1-cm-diameter holes were burned into the center of the lids of 100-by 20-mm plastic petri dishes. To begin a bioassay, a fabric sample was placed across the bottom of a petri dish. Because the fabric sample was square, the corners of the sample extended across the perimeter of the round petri dish. When the lid of the dish was replaced, it clamped the corners of the fabric causing the fabric to be suspended Ϸ5 mm beneath the lid. This ensured that ßies placed between the fabric sample and the lid of the petri dish would be in tarsal contact with the fabric during the entire exposure period. There were three cloth samples for each insecticide/control treatment. Stable ßies were removed from a colony cage with a battery-powered aspirator, and Ϸ15 ßies were blown into each petri dish through the hole in the lid. Each hole was closed immediately with a dry cotton plug. After a 30-s exposure, the cloth was removed, carefully and quickly, and the ßies were retained in the dish. Approximately 1 h after the cloth samples were removed, the dry cotton plugs from petri dishes containing live ßies were replaced with cotton plugs saturated with an aqueous 10% sucrose solution. The sucrose would provide sustenance to the ßies and minimize mortality from causes other than the pesticides. The time until 100% of the ßies were dead was recorded by constant observation for the Þrst hour and at 15-min intervals for the next 4 h. The criterion of death was complete cessation of movement. Dead ßies were observed after 24 h to check for possible recovery.
Design and Statistical Analysis. There were 12 control groups (six inside and six outside) and 24 treatment groups (12 inside and 12 outside) in this study. Thus, there were 36 groups of 15 stable ßies (⌺ ϭ 540 ßies) tested at each of the four sampling dates. Analyses were conducted to determine the inßuence of fabric type, insecticide type, insecticide concentration, exposure (full sun or covered), weather (mean temperature and precipitation), and length of exposure (0, 1, 2, or 3 mo) on the mortality of stable ßies. Data were analyzed in a completely randomized design by using one of the following models: mortality ϭ fabric type, insecticide type, or insecticide concentration ϩ exposure ϩ temperature ϩ rain ϩ exposure time (PROC GLM, SAS Institute 2003 
Results
Cumulative rainfall and average temperatures were 27.61, 10.85, and 9.53 cm and 31.1, 29.6, and 25.7ЊC, respectively, during the three 30-d weathering periods. Times required to produce 100% mortality were not affected by temperature or rainfall, and these variables were removed from the models. In laboratory testing, no mortality was recorded in any of the 12 different control groups at 24 h after treatment. There was no recovery of any ßies considered to be dead from any group.
Fabric Comparison. In the main effects analysis when the four fabric types were treated with a 0.1% concentration of -cyhalothrin, fabric type, exposure time (days), and exposure (full sun or covered) were all signiÞcant (F ϭ 7.64; df ϭ 6, 71; P Ͻ 0.0001). Day 0 comparisons of times required to produce 100% mortality in ßies exposed to the same fabric, weathered inside and outside, were similar (Table 1) . At day 90 for fabrics weathered inside, times required to produce 100% mortally were signiÞcantly shorter for canvas and polyester than for trigger and t-shot (Table 1) . However for fabrics weathered for 90 d outside, trigger produced 100% mortality in a signiÞcantly shorter time than t-shot and polyester. Canvas weathered outside failed completely after the 60-d bioassay (Table 1) .
Insecticide Comparison. In the main effects analysis when trigger fabric was treated with 0.1% concentrations of Þve insecticide types, insecticide type, exposure time (days), and exposure (full sun or covered) were all signiÞcant (F ϭ 10.82; df ϭ 8, 119; P Ͻ 0.0001). Day 0 comparisons of times required to produce 100% mortality in ßies exposed to trigger fabric containing the same insecticide, weathered inside and outside, were similar, with the exception of fabric treated with permethrin EC (Table 2) . On day 90, trigger fabric treated with -cypermethrin EW and weathered inside required a signiÞcantly greater time to produce 100% mortality than trigger fabric weathered similarly but treated with -cyhalothrin CS or cypermethrin EC Mean mortality times by weathering regimen in columns (lowercase) and by weathering regimen and exposure time in rows (uppercase) followed by the same letter are not signiÞcantly different (P Յ 0.05; DuncanÕs multiple range test ͓SAS Institute 2003͔).
a CyperEC, cypermethrin EC; L-CyCS, -cyhalothrin CS; PermEC, permethrin EC; ZetacyEC, -cypermethrin EC; ZetacyEW, -cypermethrin EW. N.A., 100% mortality interval Ն 24 h. (Table 2 ). However, there were no signiÞcant differences at day 90 between trigger fabrics weathered inside and treated with cypermethrin EC, -cyhalothrin CS, permethrin EC, or -cypermethrin EC (Table 2). When insecticide-treated trigger fabrics were weathered outside, the -cypermethrin EC treatment produced 100% mortality on day 90 in signiÞcantly less time than the other insecticides tested. However, permethrin EC failed at the 60-d bioassay and cypermethrin EC and -cypermethrin EW failed at the 90-d bioassay. The -cyhalothrin-treated trigger fabric weathered outside required signiÞcantly more time to produce 100% mortality at 90 d than at 60 d (Table 2) .
Insecticide Concentration Comparison. In the main effects analysis when trigger fabric was treated with three concentrations of -cyhalothrin CS, insecticide concentration, exposure time (days), and exposure (full sun or covered) were all signiÞcant (F ϭ 26.61; df ϭ 6, 71; P Ͻ 0.0001). Day 0 comparisons of times required to produce 100% mortality in ßies exposed to trigger fabric containing the same insecticide concentration, weathered inside and outside, were similar (Table 3) . At day 90 with fabrics weathered inside, numerical time differences required to produce 100% mortality by the three insecticide concentrations were slight (Table 3) . When fabrics were weathered outside, times required by the three insecticide concentrations to produce 100% mortality at day 90 were not signiÞcantly different; however signiÞcant time differences did exist between the Þrst and last exposure periods for each insecticide concentration (Table 3) .
Discussion
Traps or treated targets for the control of stable ßy populations have shown promise in several studies (Hogsette et al. 1987; Rugg, 1982; Hogsette and Ruff 1996) . In particular, Meifert et al. (1978) used permethrin-treated alsynite targets at a rate of one per Þve head of cattle at two sites in Florida, and estimated that the units removed Ͼ30% of the stable ßy population during their study. Our results when joined with those of Foil and Younger (2006) seem to be more promising than those of previous studies, where pyrethroids (permethrin) were combined with alsynite Þberglass panels or cylinders (Meifert et al. 1978, Hogsette and Ruff 1996) . Foil and Younger (2006) conducted electric grid studies and found that half blue and half black 1-m 2 UK trigger targets attracted a 6.1-fold higher number of stable ßies than alsynite cylinder traps. Therefore, UK trigger targets impregnated with insecticides could be a potential tool for stable ßy control programs.
In our evaluation of fabric types, we determined that weathering outside in full sun adversely affected pesticide residue longevity in all fabrics tested (Table  1) . This is an important Þnding because these targets are designed to be used primarily outside. Pesticide residues in trigger, the fabric of choice in previous studies (Foil and Younger 2006) , were least affected. The candidate insecticide for these evaluations, 0.1% -cyhalothrin CS, performed well in trigger fabric when weathered inside or outside (Table 1) . After a 90-d exposure period outside, the time required to produce 100% mortality was 20 min, or just 1.67 times longer than trigger fabric weathered inside for the same 90-d period.
When trigger fabric was treated with Þve different insecticides, including -cyhalothrin CS, all formulated at 0.1%, results were more variable. Only two of the insecticides weathered outside, -cyhalothrin and -cypermethrin, produced 100% mortality in Ͻ24 h ( Table 2 ). The -cyhalothrin did not perform as expected based on the results shown in Table 1 , possibly because of an error in the evaluation process. However when juxtaposed, the 90-d evaluation values for 0.1% -cyhalothrin from Tables 1 and 3 , and 0.1% -cypermethrin from Table 2 , all weathered simultaneously outdoors, are numerically similar. When trigger fabric was treated with three concentrations of -cyhalothrin and weathered outside for 90 d, there were no signiÞcant differences between times required to produce 100% mortality. Thus, there is no need to use a -cyhalothrin concentration higher than 0.1% for the targets.
Results indicate that either -cyhalothrin CS or -cypermethrin EC, formulated at 0.1%, would be suitable for use with targets made from trigger fabric. However, -cyhalothrin CS was the Þnal choice at present because this pesticide is labeled for application to cloth for insect control. Our results support the concept that treated targets similar to those used for tsetse control could be used for stable ßy control. Mean mortality times by weathering regimen in columns (lowercase) and by weathering regimen and exposure time in rows (uppercase) followed by the same letter are not signiÞcantly different (P Յ 0.05; DuncanÕs multiple range test; ͓SAS Institute 2003͔).
